Sodium alginate, mannuronic acid-rich and guluronic acid rich fractions were prepared from "Mekabu" (sporophyll of Undaria pinnatifida). The production of short-chain fatty acids such as acetic, propionic and n-butyric acids from these fractions in mini-scale batch culture using pig cecal bacteria was studied, and the gas released from the culture was monitored. The volume of released gas corrected for blank value decreased in the order: glucose (a reference substrate)>guluronic acid-rich fraction>sodium alginate=mannuronic acid-rich fraction. The amounts of short-chain fatty acids produced from three fractions of alginic acid were smaller than that of glucose. These results suggested that alginic acid was poorly fermentable for hindgut bacteria and that its contribution to the host energy pool via microbial metabolism is small.
gas release, short-chain fatty acids "Wakame" (Undaria pinnatifida) is an edible brown seaweed found along the coast of Japan. "Mekabu" is the sporophyll formed near the root of "Wakame" at the ripe stage, normally from March to June. The viscous exudate of the "Mekabu" mainly consists of alginic acid.
Alginic acid, a polysaccharide composed of D-mannuronic acid and L guluronic acid, comprises the cell wall of brown seaweeds. Alginic acid is not only indigestible by human enzymes, but it decreases the digestibility of other nutrients (1) and enlarges the digestive organs (2) . There have been some reports on the digestibility and energy availability of seaweed (3) and the microbial degradation of depolymerized alginate (4, 5) .
Indigestible polysaccharides can be fermented in the large intestine to produce short-chain fatty acids (SCFA) and gases. Almost all of the SCFA such as acetic, propionic and n-butyric acids produced in the hindgut are absorbed and enter the systemic energy pool of the host animal (6) . Apart from their energy contribution , SCFA have physiological influences on digestive organs; they stimulate epithelial cell proliferation of the intestine (7), colonic motility (8) and pancreatic secretion (9) . Such influences depend on the amounts and kinds of the produced SCFA.
In other words, physiological influences of indigestible polysaccharides seem to be exerted, at least partly, via the production of SCFA . Accordingly, we measured SCFA production from alginic acid fractions prepared from "Mekabu" in a mini-scale batch culture technique using pig cecal bacteria, as the first step to clarify the physiological effects of alginic acid via the production of SCFA . Prior to the measurement of SCFA production, we studied the time-course of gas released from the cultures.
MATERIALS AND METHODS
Materials. The dried "Mekabu" harvested in Ise City , Mie Prefecture, was used as the starting material. Sodium alginate used as a standard was purchased from Wako Pure Chemical Industries, Osaka, Japan .
Substrates. Preparation of substrates: The ground "Mekabu" (10 .0g) was shaken in 0.2N sulfuric acid (500ml) overnight. After filtration through two layers of surgical gauze, sodium alginate was extracted by shaking the residue in 500ml of 1% sodium carbonate (v/v) overnight. After the addition of water (1 to 2 liters) , the diluted solution was filtered through filter paper using a Buchner funnel . An equal volume of ethanol was added to the filtrate to allow sodium alginate to precipitate . After vacuum filtration, sodium alginate was washed with ethanol and diethyl ether and dried in a vacuum drier. The dried sodium alginate obtained was 1 .4g/10.0g "Mekabu ." According to Haug's method (10), the extracted sodium alginate (1 .8 g) was dissolved in water (400ml) and mixed with a saturated solution of potassium chloride (400ml). The mixture was separated into guluronic acid-rich (supernatant) and mannuronic acid-rich fractions (precipitate) by centrifuging (20,000 rpm for 30min). An equal volume of ethanol was added to both fractions and the mixtures were filtered. The precipitates were washed with ethanol and diethyl ether and dried in a vacuum drier (0.7 and 0 .4g). Measurement. Gas release: The volume of released gas from the culture was monitored by visual observation of the movement of marker solution in the pipet for 24h at 1-h intervals, as shown in Fig. 1 . We repeated such monitoring three times using inoculi from different pigs. The volumes of released gas were corrected for blank value.
SCFA production: Each culture (in duplicate) of a given substrate was removed from the water bath at 1, 4 and 8 h of incubation. These tubes were immediately immersed into ice-cold water to stop fermentation. These samples were centrifuged at 10,000 rpm for 10min. The supernatant was used for analysis of SCFA. The measurement of SCFA production was repeated two times using SCFA production SCFA production from sodium alginate, the mannuronic acid-rich fraction, guluronic acid-rich fraction, glucose and blank after 1, 4 and 8h of incubation are shown in Table 1 . Cultures with glucose produced a larger amount of acetic, propionic and n-butyric acids than those with sodium alginate, mannuronic acid rich or guluronic acid-rich fractions (p<0.001).
The amounts of each SCFA produced in cultures with sodium alginate, mannuronic acid-rich and guluronic acid-rich fractions decreased in the order: acetic acid>propionic acid >n-butyric acid at all time points. The molar ratio of acetic acid: propionic acid: n-butyric acid was approximately 6:3:1 for the three fractions of alginic acid, while that for glucose was approximately 10:10:1. comparable to that of humans, and intestinal microflora of the pig resemble those of humans. It is also noteworthy that the use of pig bacteria is safer than the use of human bacteria, because the latter always have theoretical possibility of transfec tion of pathogenic viruses such as hepatitis virus. Further, the production of SCFA mainly depends on the nature and the entry rate of the substrate, rather than the host species (15) . This again supports the use of pig cecal bacteria as a model for the human hindgut ecosystem. The volume of released gas correlated positively and linearly with the total amount of SCFA produced from various indigestible saccharides (12, 14) . How ever such as correlation was not found in the present study, probably due to the poor production of SCFA from alginic acid.
DISCUSSION
Inter-group comparison of SCFA production (Table 1) indicated that the addition of alginic acids, irrespective of the fraction, did not increase the SCFA production from the blank level. This and the negligible gas release from cultures with alginic acids suggest that alginic acid is a hardly fermentable substance. The time-dependent increase in the SCFA concentration in cultures with alginic acids can be attributed to the microbial degradation of the inoculum itself (lysis) , because the molar proportion of SCFA was between those of alginic acids and the blank group (Table 1) . Thus, the microbial SCFA production from alginic acid should be negligible. Accordingly, we cannot expect energy contribution and physiological influences via hindgut SCFA production from alginic acid at least under the conditions of the present study. The use of inoculi from many different pigs and the reproducibility of the results further validate the above statement.
We used pig cecal bacteria in this study without preliminary adaptation to alginic acid. The adaptation of bacteria to alginic acid would increase the microbial degradation of it. Kimura et al. reported that the human intestinal bacteria degraded alginic acid almost completely in vitro, but this result was not consistent with that observed in vivo (16) . These reports should be taken into account, when the pregent results are extrapolated to humans in vivo.
